An important part of anti-N-methyl-D-aspartate (NMDA) receptor encephalitis treatment is prompt detection and removal of any associated ovarian teratoma, regardless of size. High-resolution transvaginal ultrasonography followed by targeted CT with adaptive iterative dose reduction (AIDR) is a useful strategy for distinguishing small ovarian teratomas from luteal cysts during pregnancy.
Introduction
Anti-N-methyl-D-aspartate (NMDA) receptor encephalitis was identified in 2007 by Dalmau and colleagues [1] . It is caused by an autoimmune reaction against the NMDA receptor, which is characterized by psychiatric and neurologic symptoms mimicking herpetic encephalitis. The onset of anti-NMDA receptor encephalitis in females is associated with ovarian teratomas [1, 2] . Herein we report a case of anti-NMDA receptor encephalitis without neurological sequelae after prompt detection and treatment of a small ovarian teratoma in a pregnant woman at 16 weeks of gestation.
Case Report
A healthy 30-year-old gravida 1 para 1 woman conceived naturally and began receiving prenatal care at a local general hospital. She had a history of left ovarian teratoma, which was resected at 24 years of age. During week 15 of gestation, she initially developed a high fever with headaches, and was admitted to the local general hospital. Viral encephalitis was initially suspected but ruled out. Despite symptomatic treatment, her condition worsened. She was referred to Kumamoto University Hospital because of an altered state of consciousness and aspiration pneumonia at 16 weeks +1 day of gestation.
On admission, she had nuchal rigidity and was in respiratory failure requiring mechanical ventilation in the intensive care unit. On hospital day 3, anti-NMDA receptor antibodies were found in her cerebrospinal fluid, prompting us to explore for an ovarian teratoma. Noncontrast magnetic resonance imaging (MRI, MAGNE-TOM Trio A Tim System 3T, SIEMENS, Erlangen, Germany) detected a cystic mass in the right ovary (Fig. 1A) ; however, since it was difficult to distinguish this mass from a luteal cyst, we could not confirm the diagnosis of ovarian teratoma. High-resolution transvaginal ultrasonography (RIC6-12-D convex probe, 5.0-13.0 MHz; Voluson E8, GE Healthcare UK, Buckinghamshire, England) detected a cystic mass next to the corpus luteum of the right ovary (Fig. 1B) . Noncontrast computed tomography (CT, 120 kV, 150 mA; Aquilion ONE, Toshiba Medical, Tochigi, Japan) with adaptive iterative dose reduction (AIDR) targeting the right adnexa showed that the mass had a very small lipid component (Fig. 1C) . The volume CT dose index was 12 mGy, and the dose-length product was 432 mGy/cm. These findings were consistent with ovarian teratoma, and she was scheduled for laparotomy. Right oophorocystectomy was performed at 16 weeks + 4 days of gestation. The tumor measured 10 9 25 9 30 mm 3 ( Fig. 1D) . Pathological examination revealed mature cystic teratoma of the right ovary. After 4 weeks of postoperative therapy including five courses of plasma exchange, intravenous immunoglobulin therapy, and methylprednisolone pulse therapy, she recovered steadily. She was discharged at 25 weeks of gestation. Subsequently, her pregnancy was uneventful and she delivered a healthy baby at 40 weeks. Anti-NMDA receptor antibody titers were negative in the umbilical vein blood sample. The mother and the infant were healthy with no obvious symptoms.
Discussion
Approximately 90% of patients with anti-NMDA receptor encephalitis are female, and more than 50% of them have ovarian teratoma [3] . Detection and subsequent removal of the teratoma in patients with anti-NMDA receptor encephalitis results in greater clinical improvement than in patients with no detected tumor [4] .
It has been suggested that the severity of encephalitis is not related to tumor size [5] . Since anti-NMDA receptor encephalitis often occurs with very small ovarian teratomas and results in serious, irreversible symptoms, evaluation for an ovarian teratoma followed by prompt surgical resection is crucial.
While assessing an ovarian mass during pregnancy, adverse effects on the fetus and differentiating the mass from a luteal cyst are important considerations. Various imaging modalities such as ultrasonography, MRI, and CT are used to evaluate ovarian masses during pregnancy. Although ultrasonography and MRI can be used safely to evaluate adnexal masses during pregnancy, it is difficult to differentiate ovarian tumors from luteal cysts during early pregnancy. Hoover et al. reported that 17% of ovarian masses that were surgically removed during pregnancy were functional cysts, including corpus luteal cysts [6] . Although CT is a powerful tool for detecting a lipid component, which is characteristic of teratomas, pelvic CT in the first trimester is relatively contraindicated due to possible adverse effects on the developing fetus. The fetal exposure doses from a single pelvic CT examination remains below the consensus level or levels associated with negligible risk (50-150 mGy), well below the actionable level of 150 mGy [7] . Moreover, AIDR technology has been developed to eliminate noise and artifacts from reduced-dose CT examinations. Image quality and resolution are similar to standard CT, but with significantly lower (38.2%) radiation doses [8] . Compared to standard CT, the radiation dose in our patient was reduced in half by the use of AIDR and targeting the adnexal area. Our case suggests that high-resolution transvaginal ultrasonography followed by targeted reduced-dose CT with AIDR is a useful strategy for distinguishing very small ovarian teratomas from luteal cysts during pregnancy.
In conclusion, appropriate treatment, including prompt detection with transvaginal ultrasonography followed by reduced-dose CT with AIDR and surgical resection of an ovarian teratoma, can result in a good prognosis for both mother and child.
